It is unclear whether there is a fetal origin of adult depression. In particular, previous studies have been unable to adjust for the potential effect of maternal depression during pregnancy on any association. The association of birth weight with adult symptoms of depression was examined in an Australian prospective birth cohort, the Mater University Study of Pregnancy and its outcomes. Depressive symptoms were assessed with the Center for Epidemiologic Studies Depression Scale among 3,719 participants at the 21-year follow-up in [2002][2003][2004][2005]. In multivariable analyses, there were a weak inverse association between birth weight and symptoms of depression in the whole cohort and some evidence of sex differences in this association. Among females, there was a graded inverse association: In the fully adjusted model, the odds ratio for a high level of depressive symptoms for a 1-standard deviation increase in birth weight (gestational age-standardized z score) was 0.82 (95% confidence interval: 0.73, 0.92). Among males, there was no association (with sex in all models: p interaction < 0.004). Study results provide some support for a fetal origin of adult depression and suggest that the association is not explained by maternal mental health characteristics during pregnancy. Further research is needed to better understand the mechanisms underlying the association.
The fetal origins hypothesis (also known as the developmental origins) of adult disease suggests that a number of adult diseases have their origins in prenatal exposures (1) (2) (3) . There is now a considerable body of evidence that supports a role for fetal exposures in the development of cardiovascular disease and diabetes (1, 4) . There is also increasing evidence that the fetal environment may be important in the development of the central nervous system and in the etiology of mental ill health. Low birth weight has been found in a number of studies to be a risk factor for schizophrenia (5) , and there has been recent interest in the association between birth weight and common affective disorders. Most (6) (7) (8) (9) (10) (11) , though not all (12, 13) , studies have found an inverse association between birth weight adjusted for gestational age and depression (7) (8) (9) (10) (11) . However, the mechanism underlying the association remains unclear. One possible explanation for the association between birth weight and depression is that it is explained by maternal factors that were not accounted for in previous studies. Maternal depression during pregnancy is associated with low birth weight (14) and with future depression in her offspring (15, 16) . Thus, maternal mental health problems may lead to both lower birth weight and the offspring's increased risk of depression, but to our knowledge no previous study has examined the effect of maternal depression during pregnancy on the association of birth weight with depression.
The aim of this study is to examine the association of birth weight with adult symptoms of depression and to determine whether any association can be explained by symptoms of maternal depression and anxiety or other maternal pregnancy characteristics.
MATERIALS AND METHODS

The study
The Mater University Study of Pregnancy (MUSP) is a birth cohort study of mothers and children enrolled at the first antenatal visit at the Mater Misericordiae Hospital (Brisbane, Australia) between 1981 and 1984. Participants were followed up at 3-5 days, 6 months, and 5, 14, and 21 years after the birth. A total of 7,223 live singleton babies (52 percent males) constitute the MUSP birth cohort.
Measures-depressive symptoms at age 21 years
Our measurement of depressive symptoms was the 20-item version of the Center for Epidemiologic Studies Depression (CES-D) Scale (17) . This measurement of depression was assessed on the 3,843 MUSP participants (53 percent of the original cohort) who attended the 21-year follow-up. The CES-D Scale does not constitute a clinical diagnosis of depression. However, it has been constructed using well-known items from existing depression scales, and it measures the severity and persistence of depressive symptoms over a 1-week period (17) . The Scale is one of the most widely used screening questionnaires for the detection of depressive symptoms; it correlates well with other depression scales, and it has been found to have good internal consistency across diverse population groups and good short-term test-retest reliability (17) (18) (19) . The score is calculated by reversing four positive mood items and then summing the item scores. A score of 16 or more out of 20 indicates current increased symptoms of depression and/or psychological distress (17) . Of the 3,843 participants in this study, 124 had at least one item on the CES-D Scale missing and were excluded from further study. Of the 3,719 participants included in the study, the CES-D score ranged from 0 to 57, and 891 (24 percent) participants had high scores of 16 or more. In addition to examining the association of birth weight with the predefined and validated cutpoint of 16 used for defining those at high risk of moderate-severe depression (17) , we also examined the association of birth weight with having a CES-D score of 25 or more (a level that has been associated with high risk of being diagnosed with major depression (20, 21) ) and used the score as a continuous scale, examining the mean change in CES-D score per change in birth weight standard deviation. Finally, we used a three-endpoint outcome measure with scores ranging between 0 and 15 (''no depressive symptoms''), [16] [17] [18] [19] [20] [21] [22] [23] [24] , and 25-57 to assess whether there was a greater affect particularly among females in the group of women with more severe depressive symptoms. Of the 891 who had scores higher than 16, 15.2 percent (n ¼ 565) reported depressive symptoms lower than 24, and 8.8 (n ¼ 326) reported depressive symptoms greater than 25.
The antenatal visit and birth records
Information on birth weight (to the nearest gram), gestational age (nearest week), and maternal parity (zero, one or two, three or more) was obtained from the obstetric records. Socioeconomic status was measured with maternal age (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) , and 35 or more), mother's education (did not complete secondary school, completed secondary school, completed further/higher education), marital status (married, cohabiting, and single), and ethnic status (White, Asian, and Aboriginal/Torres Strait Islander) obtained at the antenatal visit. Maternal lifestyle behavior in pregnancy included tobacco and alcohol use during pregnancy. Mothers were asked to recall the frequency and quantity of tobacco use in the previous week. Smoking status was categorized as none, 1-19, and 20 or more cigarettes per day. Maternal alcohol consumption was also assessed using two frequency/quantity items. Drinking status was categorized as abstainers, less than one drink per day, and one or more drinks per day.
At the antenatal visit, maternal depression and anxiety symptoms were assessed using the Delusions-SymptomsStates Inventory (DSSI) (22) . The DSSI was developed by clinicians and validated against a clinical sample (23). It contains two seven-item subscales measuring depression and anxiety, which have been found to correlate strongly with other scales of depression including the Beck Depression Inventory (24) . In this study, maternal symptoms of depression and anxiety were defined as reporting four or more of the seven symptoms in the DSSI depression and anxiety subscales. The anxiety and depression assessments used in this study were obtained at the first antenatal visit (first trimester for most women), around the time of birth, and at 6 months after the birth.
Data analyses
Logistic regression was used to assess the association between birth weight and two binary outcomes (our main outcome of a CES-D score of 16 or more vs. less than 16 and a CES-D score of 25 or more vs. less than 25). Linear regression was used to assess the association of birth weight and CES-D score as a continuous outcome. Birth weight was entered into these models in two ways. First, we examined the association using the following birth weight categories: 2.50 kg or less, 2.51-3.00 kg, 3.01-3.50 kg, and greater than 3.50 kg. These categories were chosen to replicate those from a similar paper that used data from the 1970 British Birth Cohort Study (10) . These categories enabled us to examine whether the association was linear across the categories or whether there was any evidence of a threshold or nonlinear effect. We then examined the association with birth weight entered as a continuous gestational age-standardized z score. This enabled us to examine the linear association of intrauterine growth with depressive symptoms. The participant's intrauterine growth rate was estimated by calculating internally standardized sex and gestational age z (standard deviation) scores, by subtracting the mean birth weight for all other cohort participants with the same gestational age and of the same sex from the actual birth weight of the participant and dividing by the standard deviation of the sex-and gestational age-specific means. Means and standard deviations of birth weight were calculated for participants by sex and gestational age (in weeks) categories.
We fitted a series of multivariable regression models to examine the effect of potential confounders. After examining the crude association, we first adjusted for gestational age (in weeks) in the analyses using birth weight categories (but not that with gestational age-standardized z scores). Subsequent models adjusted for the following: maternal age (three-level categorical variable), education (three-level categorical variable), marital status (three-level categorical variable), and ethnicity (three-level categorical variable); maternal smoking (three-level categorical variable); maternal alcohol consumption (three-level categorical variable); maternal anxiety in pregnancy (binary); and maternal depression in pregnancy (binary). All of the multivariable regression models were fitted on a restricted sample of 3,493 youth with complete data available for all covariates included in any model. Statistical evidence for a difference in effect between males and females was assessed by computing a likelihood ratio test of the interaction term with sex. In the main analyses, we adjusted for the potential confounding effect of maternal smoking, alcohol consumption, and symptoms of depression and anxiety during early pregnancy. There was a strong correlation between these measurements in early pregnancy and corresponding assessments of anxiety and depression measured around the time of birth and at 6 months; if all were included in the same model, there was evidence of collinearity. We therefore repeated all of our main analyses, replacing the maternal factors measured in early pregnancy with those measured around the time of birth (in one set of repeat analyses) and at 6 months' follow-up (in a second set of repeat analyses). The results from these two sets of repeated analyses did not differ from our main analyses presented here. Finally, we generated a variable that was coded 1 if a mother scored four or more on the DSSI at any time (early pregnancy or birth or 6 months) and 0 if she never scored four or more on these assessments. When we adjusted for this variable in the analyses, we found no attenuation of the association, and results were essentially the same as those presented here where we adjust for depression/anxiety symptoms in early pregnancy.
Dealing with loss to follow-up
Because of loss to follow-up and hence missing data on the outcome variable, the main analyses were conducted on 53 percent of the original birth cohort. Participants lost to follow-up were more likely to weigh 2.50 kg or less, to be males, and to be of Asian and Aboriginal/Torres Strait Islander background (for all: p < 0.001). Their mothers were more likely to be teenagers, less educated, and single or cohabiting; to have three or more children; to use tobacco and alcohol during pregnancy; and to be anxious and depressed at their first antenatal visit (for all: p < 0.001).
To determine whether this affected the validity of our findings, we undertook a weighted analysis using inverse probability (of having missing outcome data) weights (25, 26) . The probability weights were computed by using a logistic regression model with the outcome being depression data or not. The influence of all other covariates used in our primary analyses on having depression data or not was assessed in combination in a logistic regression model. The regression coefficients from this model were then used to determine probability weights for the covariates in the main analyses. For example, if we found the probability of nonresponse for a mother who was depressed to be 0.65, then a weighting of 1.54 for all mothers with depression was entered into the main analyses. We then compared the results from the weighted and unweighted analyses. The results from the inverse probability weighted analyses did not differ from the unweighted analyses presented here, suggesting that our results were not substantively affected by selection bias due to loss to follow-up. All analyses were conducted using STATA, version 8, software (StataCorp LP, College Station, Texas). Table 1 shows the univariable associations of birth weight with depressive symptoms and potential confounding factors. Birth weight was inversely associated with depressive symptoms, but there was no association between prematurity and depression. Maternal symptoms of anxiety and depression were also both importantly associated with offspring's depressive symptoms in these univariable analyses. Young people with current depressive symptoms at the 21-year follow-up were also more likely to be female, and their mothers were more likely to have been cohabiting or single rather than married at baseline and to have smoked during their pregnancy. Table 2 shows the multivariable associations between birth weight and current symptoms of depression (CES-D score of 16 or more) at the age of 21 years. Among females, there was a strong graded inverse association with birth weight, which persisted with adjustment for all potential confounding factors. In the fully adjusted model, the odds ratio for depression for a 1-standard deviation increase in birth weight (gestational age-standardized z score) was 0.82 (95 percent confidence interval (CI): 0.73, 0.92) among females. Among males, there was no association between birth weight and depression (for sex in all models: p interaction < 0.004). When we repeated our analyses with more stringent 
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DISCUSSION
This study aimed to further explore emerging evidence of a relation between fetal growth and depression in early adulthood, with particular attention to whether maternal symptoms of mental health problems during pregnancy confounded the effect of low birth weight standardized for gestational age (a proxy indicator for poor intrauterine growth) on offspring's current depressive symptoms in early adulthood. We have found a graded inverse association between birth weight and depressive symptoms at age 21 years among females but not males. This association persisted with adjustment for a range of potential confounding factors, including maternal depressive and anxiety symptoms, smoking, and alcohol consumption during pregnancy. Our findings thus provide some support for a fetal origin of adult psychological distress.
Study strengths and limitations
An important strength of our study is that it is the first to be able to assess the impact of the maternal symptoms of anxiety and depression during pregnancy on the association between birth weight and depressive symptoms. We had repeated assessments of these symptoms in the mother, taken in early pregnancy and around the time of birth of the study child and when the infant was 6 months of age and, whichever of these repeated measures (which were highly correlated) was entered individually in the regression models or when a composite of all three was entered, the association between birth weight and depressive symptoms in females remained. The main limitation of our study is loss to follow-up, with those who completed the 21-year assessment being different for several of our explanatory factors compared with those who did not attend. However, when we took this into account using inverse probability weights, we found that the results were essentially unaltered from those presented, suggesting that the associations we have demonstrated are not explained by selection bias resulting from loss to follow-up. We used a well-validated depression scale as our outcome measure although the CES-D Scale is not a clinical diagnosis of depression, and some investigators have argued that this scale is more accurately described as representing more general psychological distress than specific depressive symptoms (18, 27) . In addition, the CES-D Scale measures current depressive symptoms and may not be sensitive to detecting clinical cases who may have been under medication and, thus, asymptomatic at the time of the interview. On the other hand, as a standardized assessment across all participants, the CES-D Scale has the advantage of identifying all individuals reporting symptoms of depression, some of whom might otherwise be labeled as nondepressed. Other studies, using a variety of validated scales of depression and/or psychological distress, have reported linear inverse associations between birth weight and these outcomes (7) (8) (9) (10) (11) . This is consistent with our findings that remained robust to changes when we used the score as a continuous outcome and when we compared women with scores of 16 or more and 25 or more with women with scores of less than 16. Taken together, this body of evidence suggests that birth weight is inversely associated with symptoms of depression.
Possible mechanisms for the association
The association between birth weight and later depression may be explained by residual confounding. In this study, we have been able to adjust for repeated assessments of maternal symptoms of depression/anxiety, smoking, alcohol consumption during pregnancy, and socioeconomic position and found that these have very little impact on the association. These findings are consistent with those of other studies, where adjustment for tobacco use and alcohol use in pregnancy (8) (9) (10) , as well as socioeconomic position (6, 10, 11, 13, 28) , did not appear to explain the association. Genetic variants that affect both fetal growth and later risk of depression might explain the link between birth weight and later depression. Although we cannot directly assess this in MUSP, to some extent any genetic variants linking these two would be accounted for by adjustment for maternal depression, and we see no effect on adjustment for this. To our knowledge, no candidate genes linking birth size and depression have been found.
The fetal or developmental origins of adult disease hypothesis suggests that poor fetal nutrition during key periods of development results in permanent changes to the structure of developing organs and/or hormonal systems and that these permanent changes result in increased risk of adult disease outcomes. Changes in the developing neuroendocrine system have been suggested as explaining the association.
These include damage to the hypothalamic-pituitary-adrenal axis (6, 10, 11) , the growth hormone axis (6, 11) , or the thyroid hormone axis (6, 11) . These theories are not mutually exclusive and, indeed, the overlap in function of these systems means that they could all be involved. Although there is some evidence for an association between poor fetal growth and effects on the hypothalamic-pituitary-adrenal axis (29) , there is limited direct evidence that these hormonal pathways are responsible for the association between low birth weight for gestational age and psychological distress in adulthood. There is evidence of an inverse association between birth weight and insulin resistance and diabetes in adulthood, and insulin resistance and diabetes may be related to depression (30) . However, the direction and nature of the association between insulin resistance and depression are unclear (30) (31) (32) , and again there is no direct evidence that the pathway between poor fetal growth and adult psychological distress involves insulin resistance. A direct effect of intrauterine growth on neurocognitive development is implicated by the association in several studies of birth weight with childhood intelligence, but a recent study found that adjustment for the childhood intelligence quotient and behavioral problems had very little impact on the association between birth weight and adult depressive symptoms (11) .
Although our work adds to previous work in this area by demonstrating that the association between an indicator of poor fetal growth and future depressive symptoms is not explained by maternal symptoms of depression or anxiety during pregnancy, we are unable to determine the specific mechanisms linking poor fetal growth to future mental health problems. Further research in studies with detailed and repeated measurements of markers for these different hormonal pathways is required to determine the underlying mechanisms.
Sex differences in the association
With development of the fetal origins hypothesis, it has been suggested that the investigation of sex differences in associations is important (33) . Male and female fetuses have different growth trajectories and some differences in the timing of organ development (33) . Thus, one might expect sex differences in the associations of some prenatal exposures with adult diseases. On the other hand, all subgroup analyses should be treated with some caution, and there is evidence that investigators tend to report results by sex when the overall results are null or weak (34) . In the area of research assessing the association between birth weight and adult psychological distress, there have been conflicting results, with most studies not reporting a sex difference (8, 9) , one suggesting a stronger effect in females compared with males (10), and two with a stronger effect in males compared with females (6, 11) . These reports of sex differences have not always been supported by statistical evidence. We found an effect only in females, with statistical evidence of a sex difference. The inconsistencies in sex differences across studies may be because the reported differences are due to chance, or they may reflect differences in the ways that males and females respond to different questionnaires of psychological symptoms and, hence, sex differences in the levels of measurements for some of the different scales used in each study. The risk of current depressive symptoms was greater in women than men in our study, consistent with evidence from other studies showing depression to be more common in females than males in early adulthood (35) , and it is possible that in this age group the small number of men with depressive symptoms makes it difficult to detect an association. Further research is required that establishes whether there are true sex differences in the rate and timing of the development of the neuroendocrine pathways that might underlie this association.
Conclusions and implications
Consistent with several previous studies, this study found an inverse association between birth weight for gestational age and current depressive symptoms in early adults. There was some evidence that the association was present only in females. Unlike previous studies, this study was able to assess whether this association was importantly confounded by maternal factors, such as depressive symptoms during pregnancy, and we found that it was not. Thus, our results provide some support for the theory of a fetal origin of adult depression. Further research is required to understand the biologic mechanisms responsible for this association.
